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FOREI^JORD

This report is part of a series intended to cover the ent'ire

State, and to provide private cit'izens, groundwater users, developerS,

investors, well dri'l1ing contractors, consu'ltants, profess'ionals,

and government officials with as complete a picture as possib'le

of the groundwater s'ituation, including prospects, as it exists

in each of the counties of V'irqinia.

0n the basis of this report, prospective groundwater users

and anyone else interested in the development and protection of

that invaluable resource that is groundwater can call a consulting

hydrogeolog'ist to handle their specific groundwater problem, while

the State f{ater Control Board remains at the public's service

for general information and governmental action.

x'l
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PRINCT l^JILLIAM COUNTY GROUNDWATER

PRESENT CONDITiONS AND PROSPECTS

by

C. D. Comer

ABSTRACT

Groundwater availability'is highly variable in Prjnce Willjam

County and depends prirnarily on the geo'logic formation in which

the groundwater occurs and secondarily on the topographic position

of the well site. The greatest valiations in the geologic for-

mations occur among the physiographic areas which, from West to

East are: Bull Run Mountain, the Triass'ic Lowlands, the Piedmont

Up1 ands , and the Coas ta I Pl a'i n .

Aquifers are geologic formations that are capable of contain'ing

and transmitting groundwater to wells. The quartzite rock on

Bull Run Mountain'is a very poor aquifer. The red shale, siltstone,

and sandstone rocks of the Triassic reg'ion are the most widespread

and productive aquifers in the County, while the djabase rock

of the Trjassjc region 'is the poorest aquifer. The granite and

schist rocks of the Piedmont yield low to moderate quantities

of groundwater; and wells drilled 'in va11eys, draws, and rav'ines

yieid more water than wel'ls on ridges or hii"ltops. The unconsol'idated

Coastal Plain deposits in the extreme eastern port'ion of the

County are good aquifers, but these sed'iments are too thin in

some places t0 be highly productive.

x'ii i



The natural quality of the groundwater varies with the aqu-ifer.

The water from the Priedmont schist and granite.is soft to mod-

erately hard, contains low to moderate amounts'of dissolved mineral

matter, often contains excessive iron, and is acid to slightly
alkaline and may be corrosive. The quartzjte rock on Bull Run

Mountain yields water that is very soft, low in dissolved minerals,

and is acidic and corrosive. Groundwater from the Triassic sed-

imentary rocks is hard to very hard, very high in dissolved minerals,

alkaline (noncorrosjve), sometimes contajns objectionable amounts

of iron, and often contains excessive sulfate. The Triassic

diabase groundwater js sim'ilar to that of the sedimentary rocks,

but is lower in sulfate content. water from the coastal pla.in

sediments is soft to moderately hard, relatively low in d.issolved

mineral matter, acidic to slightly alkaline, and commonly contains

excessive iron.

Groundwater pollution is a potential long-range problem,

especially where there are high concentrations of septic tanks.

The Triassic sedimentary rocks are probably more vulnerable than

any other aquifer system in the County to septic-tank contamination.

Gasol jne leaks in bur'ied storage tanks are another s.ignificant

s0urce of groundwater contam.ination.

Present groundwater development is significant, by means of

numerous wells'in the Manassas area for public water supplies and

in several subdivisions and governmental institutions throughout

the county. Most domestic water suppl ies in rural areas of the

County depend exclusively on groundwater.

XIV



The area w'ith the best potentjal for large-scaie groundwater

development ts a 27 square-mile tract south of Manassas to the

Fauquier County line and west of Cedar Run. This area is in

Triassic sed'imentary rocks and coul d possibly y'iel d .l0.6 
mi I I ion

gallons per day. A second area 'in the Tpiass'ic sedjmentary rocks

could be developed west of Catharpin but a reliable estimate of

the potentiai yield cannot be made. The southeastern portion of

the Coastal P'lain aiong the Potomac River from the Stafford County

line to Powells Creek also likely coniains a significant amount

of groundwater readily ava'ilable for development.





CHAPTER I

I NTRODUCT I ON

Bac kg ro und

Prince i,jill'iam County'is located jn Northern V'irginia approx-

jmately 25 mjles from Washjngton, D. C. (Plate 1). The maiority

of the County is rural in nature, although urbanization has occurred

at a very rapid rate since .l960. 
The proximity of the County to

the nat'ion's capito'l is primarily responsible for thjs trend. The

incorporated towns with their populations (1974 data) ane: Manassas

(13,067), Manassas Park (6,308), Dumfries (2,230), 0ccoquan (672),

Quantico (777), and Haymarket (235).

Agricul ture, chief iy l'ivestock and pou'ltry products, has been

increasing in economic output al though decl'in'ing in over-al I im-

portance 'in the County. Manufacturing has increased greatly in

output and empl oyment wi th the pri nci pa'l 'industri es bei ng i nvol ved

in construction materials (particu'la11y structural steel ), refrig-

eration and air condit'ion'ing equipment, motors and generators,

electronic components, and research activ'ities. The U. S. Marjne

Base at Quantico emp'loys some of the County's residents. Also,

many citizens conrnute to the Washington D. C. area, primarily for

government-related jobs. (Much of thjs jnformation was taken from

the Division of State P.lanning and Community Affairs, .l973).

The County's popu'lat'ion grew from 50,.l64 in .l960 to l5l ,659

in .|974, with an average annual growth rate peaking at 8.3 percent

in the .l960's. This rate is presently decl ining (4.8 percent), and

according to the Division of State Plann.ing and Community Affairs



(1975), the decline will continue and gradual'ly reach 2.2 percent

in the years ,|990-2000. 
The population for the years .|980, .l985,

1990, and 2000 is projected to be 180,000,209,000,238,000, and

296,000 respectively.

This continu'ing influx of people will bring additional problems,

not the least of which will be the providing of an adequate supply

of potable water. At the present, much of the water ut'iljzed'in

the County is purchased from the Fairfax County Water Authority. The

financial burden of prov'iding water is aggravated, since the price

of wholesale water is escalating a'long with the increased demand.

Thus, it behooves the County to make use of its existing groundwater

resources where available to alleviate this burden.

Groundwater development usua'l1y is less expensjve than surface

water development because of the large capital outlay required in

building a surface impoundment and in purchasing land to be flooded.

It is also more flexible, since wells can be dril'led'incrementa'l1y

as demand increases.

Purpose and Scope

The purpose of th'is report is to consolidate available in-

formati on on groundwaterin Pri nce Wi l l i am County, and to prov'ide

County off ic'ials and citizens with a concise publ icat'ion that

relates this information to existing groundwater conditions and

to potential for groundwater development.

The planning and development of any area'is dependent on a

potable water supply. The importance of groundwater resources is

magnified in areas where a sufficient quantity of surface water is
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unavailable or where surface water js of an undes"irable quality. This

report attempts to 'identify areas where signifjcant quantities of

undeveloped groundwater are believed to exist. Also, the chemical

quai ity of the groundwateris covered 'in as much detail as present

data will allow, and certa'in groundwater problems are enumerated.

Methods of Investiqation

The occurrence , ava'i I abi I 'i ty, and qual i ty of groundwater are

governed by geology, which is very djverse in Prince l,lilliam

County. Therefore, the geologic framework of the County was in-

vestigated from available reports and unpubljshed data. Information

on the productivity of water wel ls was examined and consolidated

with the geologic data to establ'ish the correlation between geology

and well yieids. The influence of topography on well yields was

also considered as was the depths and construction characteristics of

the wells. Chemical qual'ity samples were collected at selected

sites to establjsh the effect of geology on groundwater quality.

These data were supplemented with chemical anaiyses from public

water-supply welis prov'ided by the State Department of Health.

Other sources of information on the hydrogeology of the County

include' data from water-level observation wells, water-level

measurements from private and publjc wells, pumpage records,. and

pumping test and other information provided by well drillers.

All water well information and records of water qua'lity analyses

used in this reporb are jn the fjles of the State Water Control

Board central office in Richmond and the Northern Reg'ional 0ffice

in Alexandria. These data have been computerized for storage and

retrieval and were used to comp'ile Appendices n and B.



Previous Investigations

The earliest reports concerned wjth groundwater in Prince

hlilliam County were published by Clapp (l9ll ), Sanford (.|912),

and Cady (1933 and 
.l938). Additional groundwater information,

although generaljzed, is contained in publications by l,{a1p (.I960),

Johnston (.l960) and the V'irginia Divisjon of Water Resources (.l969),

whjch is now part of the State Water Contro'l Board.

Publjcations pertinent to the geology of the County'include

studies by Lonsdale (1927), Roberts (.l928), Brown (.|954), Southwick

et al (.l97.|), M'ixon et al (1972), and Lee (.|976). The only geologjc

map covering the entire County is the State geologic map prepared

by the D'ivision of Mineral Resources (.|963). This map is at a

scale of l: 500,000 and therefore is not of sufficient detail for

anything other than generalized groundwater jnvestigations. The

report by Mixon et al (1972) contajns a detai'led geologic map at

a scale of l:24,000 of the Quantjco 7.5 minute quadrangle, but a

deta'i1ed geologic map'is not available for any other quadrangle in

the County.

Detailed soils maps at a scale of I 'inch = 400 feet are

ava'i I abl e through the Bureau of So'il Sci ence and Eros'ion Control

'in the County Public Works Department. These soil maps can be

related to the underlying geologic formations by referring to Kaster

and Porter (undated) and Pettry et al (.l970).

Water Wel'l .Numbering S.ystem

The water wells studied for thjs report are'identified by the

State Water Control Board's Bureau of Water Control Manaqement well



numbers. Each well number cons'ists of two parts, Such as .l75-55.

The first number, 
.|75, denotes the County'in which the we'll is

located; in th'is case Prince William. The second number,55, is a

sequential number that refers to a Spec'ifjc well in Prince hljliiam

County.





CHAPTER I I

PHYSICAL SETTING

Phys i ography

Prince l.lilliam County lies primarily within the Piedmont

Province of Northern V'irginia. The extreme eastern portion of the

County (rough1y, the area east of Interstate Highway 95) l'ies

within the Coasta'l Plain Province. The County's land area is 347

square miles and its water area'is approximately seven square miles.

The morphology of the County contrasts sharply between the salt

marshes and tidal flats along the Potomac River and the prominent

ridge of Bull Run Mountain. The 'intervenjng area consists of

rolling hills and lowlands.

The crest of Bull Run Mountain forms the northwestern boundary

of the County and the Potomac.River forms the southeastern boundary

(Plate 2). The highest point on Bull Run Mountain is l,3ll feet

above sea level. The elevation drops to approx'imateiy 500 feet

at the base of Bull Run Mountain.

The area southeast of Bull Run Mountain for approximate'ly 17

miles is known as the Triassic lowlands, which is a sub-province of

the Piedmont. The Triassic js characterized by flat to gently

rolling topography with several prominent northeast-southwest

trending ridges of 50 to 75 feetin rel'ief. The Triassic lowlands

drops in elevation gradually to about 200 feet on its eastern

boundary.

East of the Triassic the Piedmont uplands extends for approximateiy

l0 mi1es to the Fall Line, wh'ich forms the boundary between the



P'iedmont and the Coastal Plain. The P'iedmont and Coastal Plain'in

Prince l^lilliam County have been d'issected by stream erosion so

that the relief in both areas is greater than jn the Triassic

I owl ands .

Hydrol ogy

The County lies within the Potomac R'iver Basin and js drained

mostly by the 0ccoquan Watershed. 0ccoquan Creek 'is formed by the

confluence of Bull Run, Broad Run, Cedar Run, and several smaller

streams. 0ccoquan Creek 'is a tributary of the Potomac and enters

that river at the northeastern boundary of the County. Several

smaller tributaries of the Potomac drain the remainder of the County

south of Occoquan Creek. The larger of these are Neabsco, Powells,

Little, Quantico, and Chopawamsic creeks.

The 0ccoquan Watershed 'is impounded by two concrete dams near

the town of Occoquan. The larger of the dams creates a reservojr

of 9.8 billion ga1'lons which furnishes the potable water supply

for the Fairfax County Water Authority. Some of this wateris

utilized in Prince l,'lilliam County since some of the County sanitary

districts purchase their water wholesale from the Fajrfax County

f'later Authori ty.

Severa'l streamf'low gaging stations are maintained throughout

the County. The data from these are published annually by the

U. S. Geo'logica'l Survey in "Water Resources Data for Virginia". Flow

data for three of these stations for the years indicated are shown

in Table l. The hr'gh values for June 
.l972 reflect the unusuaily

heavy rajnfalI assocjated with tropical storm "Agnes" on June 22,1972.
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Several areas 'in the County aiong the maior streams are

subject to f I oodi ng . Fl ood damage i n some communi t'ies , notably the

town of Occoquan, has been extensive during maior storms. All

ident'ified flood-prone areas in the county with the exception of

the town of Haymarket, are present'ly participat'ing in the National

Flood Insurance Porgram administered by the U. S. Department

of Housing and Urban Development.

The qua'lity of the surface water in the County is genera'l1y

poor. The 0ccoquan Reservoir suffers from an over-abundance of

nitrogen and phosphorus nutrients derived from sewage treatment

plant discharges and storm water runof,f from urban areas, agricultural

I and, and construct'ion s'ites . These nutri ents contri bute to ex-

cess'ive growths of algae which lower the djssolved oxygen content

of the water and cause taste and odor problems.

The Potomac River adjacent to Prince lllilliam County is actually

an estuary, wh'ich meansit is within the range of the tidal fluct-

uations. Therefore, the wateris brackish and unusable as a water

suppl y

Cl imate

The cl'imate of Prince llJilliam County is temperate. The average

annual prec'ipitation js 39 to 42 jnches. The average temperature

in Ju1y, the hottest month,'is 770F and in January, the coldest

month, 35oF. The tabulation below gives the average monthly values

for temperature and precip'itation, from a weather-observation

station at the U. S. Marine Base at Quantico. The averages re-

present 58 years of data for temperature and 56 years for pre-

cipitation.
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AVERAGE MONTHLY TTMPERATURE (OF)

Jan. Feb. Mar. Apr. fvlay June July Aug. Sept.Oct. Nov. Dec.

35.4 36.8 44.86 55.8 64.7 7?.8 77.5 75.3 69.1 57.8 45.7 36.6

AVERAGE MONTHLY PRECIPITATION ( INCHES)

Jan. Feb. Mar. Apr. I'lay June July Aug. Sept.Oct. Nov. Dec.

3.09 2.45 3.19 3.19 3.30 3.58 4.27 4.79 3..13 2.82 2.43 2.74

The rainfall is djstributed fairly evenly throughout the year,

but js highest jn Juiy and August and lowest from 0ctober through

February. However, the groundwatelis recharged from December

through April since the late spring and summer precipt'tation is

utjlized by vegetation and much is'lost by evaporation.

Soils and Vegetatjon

Soils are subdivided into three z0nes: surface so'il, subsoil,

and parent material. The parent material is composed of weathered

bedrock which reta'ins much of its original texture and structure.

The parent material grades downward 'into fresh, hard bedrock.

Regoijth js a term used for the weathered material and so'il zone

above fresh bedrock. The thjckness of the regolith is an important

factor jn water-well product'iv'ity in areas under'lain by crystalline

rock (e.9. the Piedmont), since the regolith is much more porous than

the bedrock. Therefore, that portion of the regolith below the

water table is a good groundwater reservoir.

The soil zone is usually a direct reflectt'on of the underiy'ing

bedrock on which it has developed. For instance, a soil that de-

ve'lopes over a granite bedrock will have different characteristics

1At.t



from one that develops over a slate bedrock. The sojl does not

a'lways reflect the bedrock, since some soils were deposited in the

flood piains of streams (alluvial soils) and some soils have re-

sulted from the slumping of material from a higher elevation

(colluv'ial so'ils) such as at the base of a mountain or embankment.

The internal drainage characteristics of a part'icular soil

affect the rate in whjch water infiltrates through the soil and, thus,

affect the rate of groundwater recharge. Soil texture largely

determjnes internal drainage characteristics. ldater dra'ins more

easi'ly through coarse textured soils, such as sandy loam, than

fine textured soils, such as c1ay. Also, the different zones in

a particular soil often have different textures and therefore

d'ifferent drainage characteristics. For instance, a sojl that

has well-drajned surface sol1 may have drainage restrictions in

the subsoil, such as sandy loam underlain by c1ay.

Detailed information on the soils of Prince t^lill iam County

can be found in the previously mentjoned works of Kaster and

Porter (undated) and Pettry et al (.l970). These publications

relate specific soil types to underlying bedrock and were used

extensively in preparing this report.

Nearly half of the County is in forest, most of wh'ich is

commercial. The National Park Service holds 
,l2,000 acres in Prince

hlilliam Forest Park and 
.l,06] acres in Battlefie'ld Parks. Also,

most of the Quantico Marine Base is 'in forest. The predominant

forest types are oak-hickory, Virg'inia pine, oak-pine, and red

cedar. Forested areas imoede surface runoff and thus contribute



to groundwater infiltration. Farmland makes up most of the re-

maining non-urbanized areas in the County. Vegetated areas jn

generai are more favorable to groundwater recharge than urban areas,

due to the artificjal surface-drainage systems associated with

urbani zati on.



CHAPTER i I I

HYDROGEOLOGY

Geol og i c Sett'i ng

The geology of Prjnce hlillaim County is very djverse and jn

some areas, complex. The greatest djversjties occur among the

phys'iographic areas, Bull Run Mountain, the Triassic lowlands,

the Piedmont uplands, and the Coastal Plain (Plate 2). All of

the three broad groups of rocks, igneous, metamorphic, and sed-

imentary, are represented.

Bull Run Mounta'in is underlain by metamorphic rocks, primarily

quartz'ite interlayered with thin beds of phylljte, schist, and/or

slate. The Tr"iassic lowland area is underlain by sedimentary

rocks which have been intruded in some areas by igneous rocks. The

resistant igneous rocks form ridges which run roughly northeast-

southwest. The Piedmont uplands is underlain by a complex association

of various metamorphic rocks, primarily schist and gneiss, and by

'igneous rock, primariiy granite. The Coastal Plain 'is underlain

by unconsolidated sand, silt, clay and gravei deposits.

In Precambrian time muddy and sandy sed'iments were laid down

on the floor of a sea which then occupied the Piedmont area.

During the Cambrian Period, near the end of this period of deposition,

volcanic activity resulted in thick lava flows and ash-fall deposits

over the sediments. Further west, water-la'id sand deposits accumulated

in the area now occupied by Bull Run Mountain. During the 0rdovician

Period, the vo1canic act'ivity in the eastern Piedmont subsided, and

shale was deposited over the volcan'ic rocks.



Several ep'isodes of mountain-building activity (culminating in

the Appalachjan 0rogeny) took place throughout the Paleozoic Era,

and the volcanic and sed'imentary rocks were subjected to extremely

high temperatures and pressures whjch transformed these rocks

into their metamorphic equivalents. Shale became schist or slate;

sandstone became quartzite, etc. Compressional forces squeezed

the rocks into folds during the mountain-bu'ilding ep'isodes. Molten

rock from deep within the earth was injected into the pre-existing

rocks while they were deeply buried, and this produced bod'ies of

granitic rocks throughout the Piedmont. Subsequent erosion of the

overlying rocks has exposed the granites.

During the Triassic Period, tensional forces tended to pu1'l

the earth's crust apart along what is now the Atlantic Coastal

area. This created down-faulted sedimentary basins from Nova

Scot'ia through Georgia. After the Triassic Basjn in the Northern

Virginia area filled with sediment, renewed igneous activity 'iniected

molten rock into the Triassic deposits. During the Cretaceous

Period and later, the Coastal Plain sediments accumulated over the

ancjent Piedmont rocks 'in the eastern part of the County. Stream

erosion has altered the surface to g'ive the topography expressed

today.

Geoloqic Formations

The aeral distribut'ion of the geologic formations in Prince

l,..lilljam County'is jllustrated on Plate 3. Table 2 lists the various

rock units'in order of oldest at the bottom to youngest at the

top and their water-bearing properties. Age relationships are
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unclear for some of the ancient P'iedmont rocks, although relative

ages can be determined jn some cases. Groundwater characterist'ics

are described on the bases of lithology and physiographic province

starting on page 35.

The tll'issahickon Formation is the oldest and most wjdespread

rock unjt in the Piedmont of Prjnce William County. The Geologic

Map of Virginia (.|963) refers to th'is rock unit as metamorphosed

sedimentary rocks, although U. S. Geological Survey publications

still use the formal stratjgraphic name, Wjssahickon' Formation

(Mixon et al,1972). It is composed of various metamorphic rocks

including green to gray quartz-mica schist, phylljte, and dark

gray to white quartzite and gneiss. The contact between various

rocks of the l,Jissah'ickon are cornmonly gradational . The schist

and phylljte weather readily, producing a deep, yellowish-red to

brown silt or silty clay soi1. The quartzite and gneiss are more

resistant to weathering and produce a thinner' more sandy sot'.l.

An unnamed greenstone body occupies a small area northeast

of Manassas along Bull Run. It occurs along the contact of the

Wissah'ickon Format'ion and the Triassic sedjmentary rocks, and

'is a southerly extension of a sinuous Strip of greenstone that

runs through Fairfax County. Johnston (1962) described the greenstone

as being a heterogenous assemblage of varjous massive to schistose'

ultra-mafic rocks.

The granitic rocks (granite and granite gneiss) in Prince

tllilliam County are widely distributed throughout the Piedmont. They

vary cons'iderable in compos'itjon, range'in color from dark gray to
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p'ink to almost whjte, and may be massive or somewhat schistose. The

gran'iti c rocks are general 'ly hi gh'ly f ractured and wel 1 -devel oped

joint systems may be observed behind the Lake Jackson Dam and behind

the 0ccoquan Dam on the Fairfax County s'ide.

The Weverton Formation consists of fine-grained, white to ljght-

grdy, massjve to thjn-bedded quartzite. Il 'is commonly jnterbedded

wi th thi n 1 ayers of mi caceous phyl I 'i te or schi st. T-he onl y

occurrence of the Weverton Formatjon jn Prince |dilljam County is

on Bull Run Mountain. The Weverton'is reportedly 300 to 500 feet

thick to the ngrth jn Loudoun County (Togwe, ]966). However, this

refers to the stratjgraphic thickness rather than vertical thickness

and, Since the strata are steepiy incljned to the east, the vertical

thickness would be much greater.

The Chopawamsic Formation was named by Southwick et al (.|97])

for a group of rocks on the eastern margin of the P'iedmont that

are shown on the Geoiogic Map of Virginia (tg$f) as metamorphosed

vo1canic and sedimentary rocks. The Chopawamsic overl'ies the

Wissahickon Formation and underlies the Quantico Slate. The terms

"Overlie" and "underlie" are uSed here in the Strat'igraphic sense'

as the beds and the contacts between the formations are nearly

vert'ical . The Chopawams'ic 'is made up primarily of fine-gra'ined'

green to gray schist that was largely delived from volcanic ash

and flow deposits. Mixon et al (1972) include a small body of

greenstone near Dumfries aS part of the Chopawamsic Formation. The

strat'igraphic thjckness of the Chopawamsic is estimated to be 6'000

to .|0,000 feet in Prince l^lilliam County (Southw'ick et al , l97l ).
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The Quantico Slate is a dark-gray to black slate that contains

abundant graphjte and pyrite. it occurs along the eastern margjn

of the Pjedmont, stratigraphically above the Chopawamsjc Formation'

Most of the slate js covered by overlapping Coastal Plajn sediments'

but several outcropp'ings are exposed in the Stream valleys of

Occoquan, Neabsco, Powells, Quantico, and Chopawams'ic creeks'

The Newark Group refers to the sedimentary rocks in the Triassic

Basin, and includes conglomerate, sandstone, S'iltstone, and shale'

All of the different sediments are interbedded vert'icaily or inter-

finger laterally with each other. The conglomerate occurs pre-

donrinately on the western margin of the Trjassjc, although some

cong'lomerate beds are present near the eastern boundary' The sand-

stone, s'iltstone, and sha'le deposits are widespread throughout the

Triassic region. In recent work, Lee (.|976) has redefined the

Triassic Sedimentary rocks as the Manassas Sandstone, Balls Bluff

S'il tstone, and the Bul I Run Format'ion. The typi ca1 col or of the

Triass.ic sediments js deep red or maroon, a1though Iocal var.iatjons

are common. The shales are usually thin-bedded and brittle' The

beds of the other rock types are more massjve in nature. The

s'iltstones are calcareous and the sandstOnes are commonly arkosic'

Several large bodies of igneous rock are present throughout

the Triass'ic region. These rocks were jniected jn the molten

state into the sedimentary rocks. The principal igneous rock is

diabase (commonly called bluestone by well drillers) but basalt

and syenite are also present. Most of the jgneous rocks occur as

dikes, sjl1s, or stocks but it is possible that lava flows and
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Volcan'ic ash depOsits are present sjnce similar occumences are

recognized in nearby Loudoun County (Toewe, .l966).

The iniect'ion of the molten 'igneous rock 'into the Trjassic

sediments created a baked zone (contact metamorphjsm) along the

contacts of the d'issimilar rocks. The shales have been metamorphosed

jnto a dense black rock called hornfels adiacent to the igneous

intrusions. The baked zone extends for some distance beyond the

immediate contact, and the typical red color of the sha'les has

been altered to blue-gray or purple. The zone of baked shale'is

illustrated on the county soils maps (Kaster and Porter, undated),

but is not differentiated from the other Triassic sediments on the

map for this report.

The Coastal Pl ai n sed jments are primari 1y i ncl uded wi th'in the

POtomac Group, Which js an assemblage of Lower Cretaceous deposits.

The sediments 'incl ude 'interf i ngeri ng and 'interl ayered sand, si I t,

c'lay, and gravel deposits. The sand beds occur as elongate lenses

rather than sheet ljke layers. The sandsare commonly arkosic

(contajn abundant fe'ldspar) and the dom'inant mineral in the c'lay

beds js montmorillonite, d c'lay mineral that swells when wet and

shrjnks when dry (l'loncure and Force, .l976). The sediments thicken

to the east, from a feather edge along the Fa11 Ljne to approximately

500 to 600 feet along the Potomac River at Quantico. Several out'liers

of Coastal Plain sed'iments occur west of the Fall Line over the

P'iedmont rocks, but these are too thjn to be significant in a

groundwaterinvestigation and, therefore, are not mapped for this

report.
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GeoJogic Structule

The major structural features of the area trend jn a northeast-

southwest direction, roughly paralle'l ing the Appalach'ian Mountain

trend. These features jnclude folds, faults, igneous intrus'ions'

and foliation or schistosity of the metamorphic rocks.

Bull Run Mountajn is a hogback mountajn, which is a ridge

produced by high'ly tilted strata. The rock strata of Bull Run

Mountain are inclined steeply to the east.

The eastern flank of Bull Run Mountain js bound by a'large

fault, named the Bull Run Fault, which trends northeast, paraliel

to the mountain. This fault forms the western boundary of the

Triassic lowlands. It extends for 90 miles jn Virginia, from

southern Orange County through Prince |lJjlliam County and continues

'into Maryland. The Bull Run Fau'lt is a normal or gravity fault

wh'ich is downthrown to the southeast. The fault plane dips to the

southeast at an angle of 300 to 50o (Keith, 1893). The vertical

displacement (amount of downdropping) 'is not known, but is probably

at least .|,500 to 2,000 feet and possibly more. The Trjassic Bas'in

to the southeast was being infilled with sed'iment when the fault was

act'ive. Other normal faul ts are numerous throughout the Triass'ic

reg'ion, but they are much smaller in magnitude than the Bull Run

Faul t.

The Triassic area is underla'in by a sedjmentary basin, named

the Culpeper Basin, that was formed by the downdropping assoc'iated

with the Bull Run Fault. It extends for approx'imately 90 mi'les in

Virginia, as does its associated border fault, and jt is about 17
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miles wjde'in Prince |.J.ill jam County. The bas'in is wedge-shaped

in nature, being thicker in the west and th'innjng to a feather edge

to the east. The vertical thickness is not known, but it is probably

at least .l,500 to 2,000 feet. Some of the sim'ilar Triassic basins

along the Atlantic Coast are known to be as much as 8,000 feet thjck,

but no data are available for the total depth of the Culpeper Basjn.

The sedimentary rocks of the Triassjc Basin are inclined to

the northwest, towards the border fault. The ang'le of jnclination

of the strata is approximately 15 to 20o, but it is generally more

gentle near the eastern margin of the basjn, where the strata are

almost horjzontal in places. The strata become more tilted to the

west, and the greatest dips are found near the Bull Run Fault.

Fractures are corffnon along the beddjng planes, and these serve

as recharge zones for groundwater. Secondary io'ints (fractures)

are also present at angles to the bedd'ing-plane fractures, but

they are of much less sjgnificance.

Intrusions of igneous rock, in the form of djkes and sills'
are present throughout the Triassic region. The igneous rock,

diabase, was injected'in the molten state after deposition of the

sediments. Joint systems are present 'in the diabase, but these

rocks are not suffic'iently fractured to allow recharge of groundwater

in copious amounts.

The most corimon structural feature in the Piedmont uplands is

the schistosity or foliation of the metamorphic rocks. The

foliation conforms to the reg'iona1 northeastward trend, and the

dip or angle of inclination is near vertical.
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Several large bod'ies of granitic rocks, which were jniected

into the metamorphic rocks, are present jn the Piedmont. Also

present, are several small pegmatite djkes (quartz veins), composed

primari 1y of highly fractured, mi 1 ky whi te quartz. Thi s materi al

is commonly called fljnt rock by well drjllers, and jt generally

produces a water-yi el di ng zone when encountered bel ow the water tabl e

jn a well. The granitjc rocks are shown on the accompanying geologic

map, but the pegmatite bod'ies are too small and numerous to be mapped

separatel y.

A structural feature called the Quantico syncline (Lonsdale,

.l927 
and Brown,.|954), is present near the Fall Line in the Piedmont

rocks. The Quantico syncf ine trends northeastward, aligned with

the major structures of the Appalach'ian region. The outcrop

width of the syncline is approximately one and a half miles, and

the eastern flank js overlapped by the Coastal Plajn sediments'

The d'ip on the flanks of the syncline js near vert'ical ' These

relat'ionships are well illustrated by Mixon et al (1972). The

total 'length of the Quantico syncline js thought to be 24 miles

(Brown, '| 954) .

The coastal Plain deposits occur as a wedge of sediment

overlying a basement of ancient Piedmont rocks. The sed'iments

thin to a feather edge near the Fall Line and thicken in an eastward

direction (Plates 3 and 5). The surface of the Piedmont basement

is'irregular jn nature, and the maximum thickness of the overly'ing

sediments is approximately 500 to 600 feet near the Potomac River

at Quantico. The rate of thjckenjng is greater in the southern
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part of the County, 120

near l,loodbridge, where

Groundwater

to .l55 feet per mi'le, than to the north

it averages 70 to .I00 feet Per mile.

Groundwater js an integral part of the earth's water circulat'ion

system, which is ca1led the hydrologic cycle (Plate 4). Groundwater

originates from precipitation, in the form of rainfall or melt'ing

snow. That portion of the precipitation available to groundwater

recharge is equal to the total precipitat'ion mjnus evaporation'

transpiratjon by growing pjants, runoff to streams, and the amount

held as so'il mo'isture. Some of the water that jnf jltrates through

the soil zone is held by capillary forces above the water table;

the remainder moves downward by the force of gravity and replenishes

the groundwater, causing the water table to rise.

The surface of the water table is rare'ly flat, but has un-

dulations usually conform'ing to the topography. The water table

is higher under hills than under valleys. However, the relief

of the water table surface js more subdued than the topographic

relief. Therefore, the depth to the water table is greater under

a hill than under a va11eY.

The differences of elevation on the water table and the force

of gravity cause movement of the groundwater. This movement often

results in the natural discharge of groundwater through springs.

Springs or Seeps occur where the water table'intersects the land

surface, usually on the sides of slopes and 'in valleys' Thus,

high topographic areas are commonly groundwater recharge zones

and low topographic areas are commonly groundwater discharge zones.
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Groundwater does not flow in "underground streams" excepi in

limestone or dolom'ite caverns, which do not exist'in Prince l'J'illiam

County. Groundvlater flows through the interconnected pore spaces

in sediment and fractures 'in rock. The rate of movement ranges

from a few inches per year to a few feet per day.

Groundwater movement jn crystalline rock is affected by structures

in the bedrock, particularly fractures such as faults and joints.

The directjon of movement is affected by the a'lignment and incl'ination

of the fractures, the rate of movement js influenced by the number

and s'ize of the fractures, and the depth of movement is determined

by the depth to which the fractures extend.

Groundwater movement may be artif"icjally caused by withdrawals

by wells. The pumping of a well will cause the water level in the

vicinjty of the well to drop, resu'lting in movement of groundwater

towards the well. The vert'ical distance that the water level in

the well drops is termed the drawdown. The drained space between

the originai water level (statjc water level) and the lowered

water level (pumping water level)'is roughly cone shapped, and is

termed the cone of depression. The cone of depress'ion spreads

outward from the well as it is pumped. The cone of depression will

eventually stabilize at some Cistance from the well jf the w'ith-

drawal rate is not excessive. if two or more wells are placed too

close to each other, the cones of depression of each will intersect

and may result in excess'ive drawdowns and decreased yields.

Aqu i fers

An aquifer is a geologic formation that is capable of contain'ing



and transmitting groundwater. Aquifers may be comprised of un-

consol'idated sed'iments or of fractured, consol idated rocks. Ground-

water js contajned jn the pore spaces of sediment, such as sand

or grave'l , and in fractures or cracks 'in crystalline rock, such

as granite or slate.

Aquifers may be of two types: (l) unconfined or water-table

aquifers and (2) confined or artesian aquifers. Both types are

present in Prince l,lilliam County and examples are illustrated in

Plate 4.

In an unconfined aqu'ifer, the water table is the upper surface

of the zone of saturation. The surface of the water table is at

atmospheric pressure, whereas water below this surface is at a

higher pressure, due to the weight of the overlying water. In

an unconfined aquifer, water is able to infiltrate downward through

the zone of aeration and reach the water table.

In an artesian aqu'ifer, the groundwater is separated from the

zone of aeration by a confining 1ayer, such as an impermeable clay

bed. Groundwater in a confined aqujfer is under pressure 'in excess

of atmospheric pressure. hJhen the confining layer is penetnated

by a dril'l bit, the groundwater quickly rises jn the bore hole.

The water level in an artesjan well stands above the aquifer that

it taps. If the artesian pressure is sufficiently high, the water

may fiow freely at the surface. However, a well does not have to

flow freely for artesian conditions to exist.

The depth to the static water level of an aquifer can be

measured in any weil that'is not being pumped. If the well is in
a confined aquifer and the upper water table js cased-off, the
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measured i,Jater I evel i s termed the artes i an surf ace (or potent'iometri c

surface). in a well tapp'ing an unconfjned aquifer in lvhich water

from the upper zone is allowed to enter the well, the measured

water level js termed the water table. The depth to the groundwater

'in either case will depend on several factors including: the geo"logic

formation'in which the well is drilled, the confining condit'ions of

the aquifer, the topographic position of the wel I s'ite, the t1me of

year the measurement is taken (water levels fluctuate seasonally)'

and the prox'imity to pumping we]1s.

Grsundwater sometimes flows for many miles jn extended aqujfers,

but frequently, especially for unconfined aquifers, it has partly

or totally originated from surface infiltration withjn a radius

of a few miles of its occurrence. The recharge area for most

water:-table wells is the inrnediate area around the well for a radius

of several hundred feet. Recharge of an artesian aquifer may

occur from lateral migration from the outcrop area of the aquifer

or from vertical leakage through sem'ipervious confining beds.

Piedmont. The 'igneous and metamorphic rocks jn the Piedmont

are poor to fair aquifers depending on the local conditions where

a well js drilled. The controlling factors jnclude: the thickness

of the regolith, the porosity and permeability of the regolith, the

topographic posjtion of the welI site, the degree of fracturing

of the bedrock, the occurrence of pegmatite quartz veins (f1int

rock), and the lithology or type of rock.

The thickness, porosity, and permeability of the regoiith

affect the storage capacity and rate of recharge to the aqu'ifer.



According to Nutter and 0tton (.l969), the lower most portjon of the

rego'lith adjacent to fresh bedrock is often the most permeable zone-

The topographic position of the well site js very important,

since wells drilled in rav'ines, valleys, draws, and lower slopes

have h'igher yields stat'istjcally than wells drilled on ridges and

hi I I tops . llrlel'l s at I ow areas tend to rece'ive recharge f rom upl ands .

Also, the topography in areas of crysialline rocks is an'indicator

of the degree of fracturing of the bedrock, since streams tend to

a'lign themselves along fracture zones.

The importance of fractures 'in the bedrock to well yield

should be self-evident, since fractures are responsible for trans-

mitting water to a well jn the Piedmont. Fractures in crystalline

rocks are more numerous near the surface and decrease in occurrence

with depth. Most waier-bearjng fractures in P'iedmont rocks occur

in the upper 
.l50 feet and few exist below 350 feet.

The presence of quartz ve'ins through the bedrock is advantages

because the brittle quartz js often fractured. However, the

quartz vejns will rarely yield more than a few gailons per minute

and their occurrence is hard to pred'ict.

The lithology or type of rock in the Piedmont is not the

most important factor governing well yjelds 'in Prince |ljilljam

County, because most of the area js either schist or granite, which

do not differ materially as water producers. However, the

greenstone and Quantico Slate should be avoided if possible, as they

are defjnitely inferior aquifers.

In an inventory throughout Northern Virginia, lalalp (.I960)
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reported an average yield of l4 gallons per minute (gpm) for 405

wells drilled jn the ll.ljssahjckon Schjst and 14 gpm for 48 wells

drilled'in Piedmont granitic rocks. Johnston (1952), in a study

'in neighboring Fairfax County, reported an average yield of i4 gpm

for 139 wells in schist and l2 gpm for nine wellsin granite. t/e1l

yields in the Piedmont of Prince !1l|illiam County can be expected

to be consistent with these va'lues, although local variabi'lity in

geologic and topographic conditions can cause considerable dev'iations

from average yields, ejther on the high side or the low side.

The hjghest reported well yield 'in the Piedmont of Prince

tllilliam County'is 92 gpm (well #35) for a 400 foot well at 0cc.oquan

Forest Subdiv'ision about five miles east of Manassas. That well

is in granitic rocks that are somewhat schistose. The lowest

reported well y'ield is for a 250 foot dry hole in schist in Prince

lllilfiam Forest Park near Joplin (well #.|98). A second well (*tSS1,

also in schist, drilled approximately 1,500 feet from the dry

hole produced only 2 gpm.

The stat'ic wa'uer levels for Pjedmont wells reportedly range

from 5 to 55 feet be'low land surface.

Bull Run Mountain. The Weverton Format'ion, which occurs only

on Bul I Run Mountain in the County, is a very poor aqu'ifer. The

steep slOpes of the mounta'in are more conductive to surface runoff

than to subsurface jnfiltratjon so that groundwater recharge is

min'imal . The dense, crystalline quartzite rock is not high)y

fractured, and is not conducjve tO groundwater flow and, therefore,

wi'11 yield very little water to wells. Also, the regofith is too
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thin to form a significant groundwater

have been dri I I ed on Bul I Run ftlountai n

on average yields, but more than a few

not be expected, regardless of depth.

reservoi r. Too few wel I s

to prov'ide rel iable data

gallons per minute should

Triassic. The Triassjc sedjmentary rocks of the Newark Group

are undoubtedly the most productive and reliable aquifers in the

County. Th'is is because the rocks are highly fractured aiong the

sedimentary bedding planes, which are jnclined l5o to 20o from the

horizontal. The fractures extend much deeper than fractures 'in the

Piedmont rocks, and deep dri'l1ing js more feasible in the Triassic

(diabase excluded) than in any other region in the County.

The shales, sandstones, and siltstones are thought to be more

productive than the cong'lomerate, which tends to be more massive

and less fractured.

The topographic position of the well site is not as significant

a factor on well yields in the Newark Group as in the P'iedmont.

However, Nutter (.|975) observed statistically higher yields 'in low

areas as opposed to uplands in the Maryland Triassjc.

The lowest y.ield reported in thjs study for the Newark Group

is 5 gpm (well #28) for a ]52 foot well in Gainesvjlle and the

highest is 735 gpm (weil #83) for a 912 foot well in Manassas. The

average yield fon l0 wells up to 200 feet jn depth is 13 gpm; for

22 wells from 200 to 400 feet, 26 gpm; for l0 wells from 400 to 600

feet, i85 gpm; and for 13 wells from 600 to .l,005 feet,274 gpn.

It'is clear that the Trjass'ic sedimentary rocks are capable

of producing water from greater depths than the other aquifers in

the County.
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All of the deep and highly productive wells for whjch data were

available for this report are in the Manassas area. However, there

'is every reason to bel'ieve that simllar yields could be obtained

elsewhere in the Triassic region of the CountJ: ds long ad the

areas of diabase occurrence were avoided. Also, the areas of con-

g'lomerate occurrence may be somewhat less productive.

The static water levels for wells in the Tr"iassic sedimentary

rocks outside of the Manassas area range from'10 to 50 feet. l,lithin

the Manassas area, the range is 30 to .l70 feet. The greater depths

in the Manassas area are undoubtedly due to the rela.tively large

withdrawals that have occurred since .|905 
when the city first began

using groundwater as a public supply. it is not known how large

an area is affected by the drawdowns'in the Manassas area, but the

effect is probably loca1 rather than regional. The Triassic aquifers

are artesian and any one well may encounter several djfferent

art;lian zones at various depths, each having its own potentjometric

surface. This fact must be considered in any attempt to determine

the poss'ible effect of large scale groundwater withdrawals jn the

Manassas area on regional water level decl'ines.

The Tt'iassic diabase js certainly the poorest aquifer in the

County. Dry holes are common, especially on ridges and hi11tops.

Average yields in the best of locations, ravines, draws, and valjeys,

are probably no better than 5 to 10 gpm. Water-yielding zones

are not 1ike1y to be encountered deeper than 350 feet and most

probably occur within the upper .l50 feet.

Coastal Plain. The unconsolidated sand beds within the Coastal
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Plain sediments are good aqu'ifers. Unfortunately, the sand beds

comprise a much smaller proportion of the sediments than the clay

beds. Also, the coastal Plain is relatively th'in in Prince w'illiam

County.

Plate 5 is a contour map that illustrates the elevation of the

base .of the Coastal Plajn sedimentso which 'is the maximum depth

that a well should be drilled. Most of the water bearing sands

occur between 200 to 350 feet below sea leve1, and the highest

y'ield wells can be expected southeast of the -200 foot contour line

on Plate 5. |l|ells to the northwest of this ljne drilled deeper

than 200 feet below sea leve'l wjll encounter nonproductive crysta'lline

rocks of the Piedmont basement.

.The average yield for four wells drilled less than 200 feet

in the Coastal Pla'in is l0l gpm; for 9 wells between 200 and 400

feet, i37 gpm; and for two wells from 400 to 600 feet,211 gpm.

The coastal Plain contains both artes'ian and water table

aquifers. The statjc water levels for wells drilled in the Qoastal

Plain sediments general'ly range from 4 to 45 feet, although depths

of as much as l5l feet have been reported. Cady (.|938) reported

two artesian wells south of Woodbridge that flowed at the surface,

i ndi cat'ing stat'ic water I evel s above ground. t,Je'l I s dri I I ed at the top

of h.igh sandy ridges in the Coasta'l Plajn are likeiy to have static

water levels from 50 to .l00 feet.
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CHAPTER IV

GROUNDWATER QUALITY

The quality of groundwater is a reflection of its chemical,

biological, and physical characteristics. The potability and

i ndustri al usabi l i ty of groundwatelis dependant on i ts qual i ty,

which is determined by natural occurring phenomena and may be

impa'ired as a consequence of human activities.

Constituents in Natural Groundwater

As water falls through the- atmosphere and percolates through

soil and rock materiaj, gases and m'ineral matter become djssolved

or suspended in the water. The solids and gases contained in

water influence'its chemica'l and physical prgperties, such as

hardness, acid'ity/alkal'inity, corros'iveness, taste, color, odor,

etc. Some of the dissolved constituents, such as fluoride (if

not excessive), are beneficial; others, such as iron, troublesome.

Consu'ltation with the Virginia Department of Health is'in order

for determ'i ni ng groundwater potabi I i ty.

The most cofirnon constituents of natura'l groundwater inClude

calcium, magnesium, sod'ium, bicarbonate, sulfate and chloride.

0ther constituents conmon'ly present, but usually in lesser amounts,

include iron, magnanese, silica, potassium, fluoride and nitrate.

Calcium (Ca) and Magnesium (Mg). These 'ions are responsible

for most of the hardness and scale-forming propertjes of water (see

hardness). A high concentratjon of magnesium in water can have

a I axati ve effect on 'i ts user. Ca'l c j um, j n hi gh amounts , has

been reported to be harmless.
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Sodium (Na) and Potassium (K). In high amounts, these ions

can give a salty taste to water in combination with chloride. Hiqh

amounts of sodium in drinking water is reportedly undesirable

to persons who suffer from hypertens'ion.

Iron (Fe) and Manganese (Mn). These constituents cause

stains in laundry, cooking utensils, and porcelajn fixtures. They

also contribute to hardness and may impart an objectionable taste

and color to food and beverages. The recommended limit for iron

and manganese together in drinking water is 0.3 rg/t.
Bicarbonate (HCOr). Bicarbonate ions are responsible for

most of the alkalinity'in water and combine with calcium and

magnesium to form boiler scale.

sulfate (s0+). suifate combines with calc'ium to form boirer

scale and may impart a bitter taste to water when present in

excess of 500 mg/]. water contain'ing 1000 mg/l may be cathartic.

The recornmended limit for sulfate in drinking water is 250 mg/].

Chloride (Cl). In excess of .|00 ng/j, chlorjde imparts a

salty taste. The recommended limit for chloride in drinking

water is 250 mg/l.

Fluoride (F). In drinking waten, fluoride reportedly reduces

the incidence of decay in children's teeth. However, excessive

fluoride may cause mottl'ing of the teeth. The recomrnended l.imit

for fluoride in drinking water is .l.5 *g/l

Nitrate (N0:). The final product of oxidation in the nitrogen

cycle is nitrate. water containing more than 45 mg/1 of nitrate

has been reported to cause methemoglob'inemia in jnfants. High
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nitrate content may indicate sewage pollution. The recommended

lim'it for drinking water is 45 mg/l, if expressed as nitrate (N03)

or 10 mg/1 expressed as n'itrate-nitrogen (N03-N).

Total Dis.solved Sol ids .(TDS). This factor ind'icates the total

amount of dissolved mineral matter in water. The recommended limit

for TDS 'in drinking wateris 500 mg/].

Specific Conductivity. A measure of the ability of waten

to conduct an electric current, specific conductiv'ity is an

indicator of the relative amount of d'issoJved minerals in water.

Hardness. Hater hardness causes excessive consumption of

soap and deposition of scales in pipesn water heaters, and boilers.

Water whose hardness is less than 60 mg/1 is considered soft;

6l to ]20 mg/], moderately hard;121 to .|80 mg/], hard; and greater

than .|80 mg/], very hard.

p!,. A measure of the hydrogen jon concentration, pH indicates

whether water will act as a weak acid or an alkaline solution. The

pH scale ranges from 0 to14 with 7.0 being neutral, greater than

7.0'indicating an alkaline solut'ion, and less than 7.0, an acidic

solution. Corrosiveness of water generaiiy increases with a

decreasing pH, although highly alkaline water may be corrosive.

Corros'ive water may attack steel casing or copper plumbing.

Water Qual i ty j n Pri nce Wi I I i am Count.v

The quaf ity of the groundwater in Prince l,lill'iam County is

highly variable. Th'is variat'ion is primari]y due to the different

rocks in which the water occurs and the local conditions of the

well site, jncluding the construction characteristics of the well
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and prox'imity to sources of contaminat'ion, such as septic-tank

drainfields. Table 3 lists the maximum and minimum concentrations

and the median values for the constituents in the groundwater

of the varjous aquifers in the County, based on chemical analyses

availab1e for this report. Appendix A is a summary of water quality

analyses of samples taken from individual wells throughout the

County. The hardness trends of the groundwater are jllustrated

in Plate 6, based on the data from Appendix A.

Piedmont. Groundwater from the granite and schist aquifers

is of similar quality as can be seen in Table 3. The water is

soft to moderately hard and contains low to moderate amounts of

dissolved mineral matter. It is acid to sl'ightly alkaline and may

be corrosive to steej casing and copper pipes.

Iron may be present 'in objectionable amounts in water from

any of the P'iedmont rocks. Two of the 15 samples from schist

and four of the nine samples from granite contained excessive

i ron.

The bicarbonate content is relat'ively high 'in Piedmont ground-

water. The fluoride content is very low and only one of 17 samples

contained any sign'ificant amount. The sodium, su'lfate, chloride,

and nitrate contents are low and may indicate local pollution

if they appear high in water from a Piedmont well.

Bull Run Mountain. Groundwater from the Weverton Quartz'ite

is softer and lower in d'issoived minerals than that from any

other aquiferin the County. It is generally acidic and may be

corrosive. None of the five samples contained excessive iron
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although a significant amount (0.25 mgll) was present in water

from well #.l8]. Fluoride content is low and bicarbonate is the

only sign'ificant nonmetal ion present.

Triass'ic. fhe sedimentary rocks (Newark Group) of the

Triassic Basin produce water that is much harder and higher in

dissolved sol'ids than that of any other aquifer in the County.

0f 40 samples, 25 (62.5 percent) were very hard, 8 (20 percent)

were hard, four (.l0 percent) were moderately hard, and only three

0.5 percent)were soft. The total d'issolved so1ids content conmonly

exceeds the recommended limit of 500 mg/l.

The water is usually slightly alkaline and rallely corrosive.

Iron was excessive in only four of 42 samples. Fluoride is often

present but rarely in very high amounts. In addition to the

hardness producing calcium and magnesium ions, the sodium content

is relatively high, although not excessive. The chloride and

nitrate contents are not high unless contaminat'ion is present.

Sulfate and bicarbonate are the most abundant nonmetal con-

stituents, with b'icarbonate usually predominant. However, the

sulfate content commonly exceeds the recommended limit (250 mg/l)

in the deep wells in the Manassas area and samples from wells

number 65 and 176 reportedly contained 640 mg/l of sulfate. It
'is possible that sulfur laden water occurs at spec'ific zones in

a well. If so, such zones could be isolated by samp'ling water

at various depths in a well. It might then be possible to case-off

the h'igh sulfur water, which would reduce the output of the well

but diminish the sulfate problem. Water samples from some of the
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TRENDS OF GROUNDWATER HARDNESS
IN PRINCE WILLIAM COUNTY

LEGEND

m
tI
r-:l
EI3

Soft

Milligrams Per
Liter (as CaCOS)

0-60

Moderately 60 - 120
Hard

Hard 120 - 180

Very Hard >180

SCALE
5 O 5 mites

-
SOURCE: Virginia State Water Control Board - NRO
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shallow (less than 200 feet) domest'ic wells conta'ined significant

amounts of sulfate, but none were excessive.

llater softeners are often used in domestic water systems in

the Triassic region to eliminate the problems caused by the hard

water. Most water softeners work on an ion-exchange principal,

whereby the hardness-producing calcium and magnesium ions are re-

placed by sodium ions. The resulting sodium concentrations can

be quite high, which anyone on a low-sodium diet should consider.

The water-soften'ing unit can be by-passed by one faucet for con-

sumption or bottled water can be pqrchased by anyone who desires

the benefits of softened water but whowants to limit sodium intake.

The diabase in the Triassic region contains groundwater wh'ich

is similar in quaiity to that of the sedimentary rocks, but is

lower in sulfate content. The water is very hard, slightly alkaiine,

and high in dissolved so'lids. None of the fi,ve samp'les from

diabase wells contained excessive 'iron, but data from neighboring

counties indicate that objectionable amounts of iron may occur

in diabase groundwater.

Coastal Plain. Groundwater from the Coastal Plain sediments

is soft to moderately hard and conta'ins low to moderate amounts

of dissolved mineral matter. The water is harder along the

western margin of the Coastal Plajn near the Fall Line and is

softer to the east. The 'iron content is cornmonly excessive and

the water js acidic to slightly alkaline. Fluoride js often

present but not in excessive amounts and bicarbonate 'is the

most cornmon nonmetal ion. Sulfate, nitrate, and chloride may be



present but not in high amounts.

Groundwater Contami nati on

Groundwater Contamination refers to the introduction of an

organic or inorganic material, foreign to the native groundwater,

that tends to render the groundwater unusable. If contaminants are

added to the groundwater to the extent that it becomes nonpotable

or unusable, the groundwater is said to be polluted. Groundwater

poiiution is usually more serious than surface water poilution

since reversal is very difficult and costly. The self-cleansing

mechanisms available to streams, fresh-water flush'ing and oxygenation,

operate very slow1y in groundwater if at all.
Sources of groundwater pollution are many and varied. M'iller

.and Scalf (.|974) presented a synopsis of the subject in a nation-

wide investigation sponsored by the U. S. Environmentai Protection

Agency. In Prince l^lilliam County, the more significant sources

of groundwater po11ut'ion include: septic-tank systems, sanitary

landfills, sewage lagoons, petroleum spills, leaking p'ipelines,

leaking gasof ine storage tanks, improperly constructed water wells,

certain agricultural act'iv'ities (fertilizers, pesticides, feedlot

and barnyard wastes), salt-water intrusion (from the Potomac

Estuary), highway deicing salts, infiltration of poor quality

surface water from lakes and streams, and spray-imigation waste

disposal sites.

Septic tank drainfields, by sheer volume of waste water dis-

charged, have the greatest potential for contaminating groundwater.

A drainfield is considered failing if the sewage backs up in the
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house or floods the Iand surface. Therefore, a properly operating

drainfield acts as a source for groundwater recharge. Miller and

Scalf (1974) state that "Studies have shown that in many housing

developments recycling of liquid wastes is an inevitable fact

of l ife. "

Septic-tank systems are commonly be'lieved to purify sewage.

Actually, the degree of treatment that waste water receives in

a septic system is rarely high. In suitable soils, most bacteria

are effectiveiy removed by filtration and biological degradation.

However, many soils have a iow capacity for the purification of

waste. Some soil profiles are too thin to assimi'late all of the

wastes. Moreover, not all of the undesirable constituents of

domestic sewage are completely biodegradable. Referring to the

disposal of domestic wastes in septic-tank systems, Miller et al

(1974) state, "Under normal conditions of soiI pH, effic'ient

remova'l of phosphates can take p1ace, but chlorides, nitrates,

sulfates, and bicarbonates can enter and move free'ly within a

groundwater body. "

Nitrates are the most sign'ificant constituents (other than

bacteria or viruses) of domest'ic sewage pert'inent to groundwater

quality. The nitrate content of groundwater is of concern for

three reasons: it js an indicator of sewage contamination, it
has been identified in medical studies as a possibie carcinogen,

and it has been identified as a causal agent of a disease in infants

known as methemoglobinemia (commonly called "blue babies"). The

reconunended public health limit for nitrate in drinking water
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has been set at 45 mgll N03 (.|0 mg/l if reported as N03-N)-

in Prince Wi'lliam County, the nitrate content of natural

groundwater is quite 1ow. High concentrations of nitrate most

likely indicate contamination. The most 1ike1y sources are septic

tank effluent and nitrogen fertilizers. In areas where infiltration

of nitrogen fertilizers is ins'ignificant, the nitrate content

is a good tracer for septic tank contam'ination.

The Triassic lowlands is probably the most vulnerable area

to nitrate contamination'in Prr'nce lllil'liam County. Most of the

area is unsewered and residential development 'is increasing rapidly.

The soils are reiatively thin and their capabiiity for assimi'lating

and filtering wastes is limited. The shale and sandstone bed-

rock is highly fractured. The fractures are inclined l50 to 200

from the horizontal, providing a natural conduit to the water

table for liquid contaminants with little opportunity for filtration

and quality improvement.

Nutter (1975) investigated nitrate contamination in the

Triassic rocks in Maryland and found that in the village of

Graceham, six out of'll wells sampled contained nitrate in excess

of 45 mg/]. 0nly one of the ll wel]s sampled contained less than

30 mg/l. The average age of the wells and septic systems in Grace-

ham is 30 years and the lots are very sma1l.

The age of a septic system is a significant factor in ground-

water quality since continuous nitrogen loading causes a build-up

of nitrate over a period of years. Lot size and housing density

are also very important. In a high-density area, septic tank
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effluent can constitute a large portion of the groundwater recharge

and thus cause contamination.

Pollution of groundwater by petroieum hydrocarbons 'is a very

serious prob'lem that is relatively cornmon. Most instances are

confined to local areas and involve only one or a few wells.

However, there have been cases of large scale groundwater po]lution

from petroleum products, (McKee et a'l , 1972 and 0sgood, .|974).

in Prince l,lilliam County, minor cases have occurred but, as yet,

no major ones.

The principal causes of hydrocarbon contam'inat'ion include:

leakage from storage tanks, ieakage from buried pipeiines, spills

or'leaks at bulk storage areas, and transportation sp'i11s. Many

types of petroleum products are involved, but gasoiine contamination

is the most common, usualiy resuiting from leaks in buried storage

tanks at service stations. Slow leaks can go unnoticed at a

service stat"ion until a wel'l becomes polluted, neighbors smel'l

gasoline fumes in their houses, or customers get btater in the

gasoline thay purchase.

The human threshold for the detect'ion of gasoline can be as

low as 0.005 mg/], so a small amount of gasoline can render a water

well unusable. Recent studies have shown that certain bacteria

w'ill degrade gasoline in the groundwater environment if adequate

nutrients and d'issolved oxygen are available. However, there

are cases in which gasoline has remained in soil for more than

70 years (McKee et a'l , 1972).

The clean-up of subsurface petroleum spi11s is difficult,



costly, and often 'ineffective. Alternate water supplies often

have to be found when a well is jmpaired. A publication which

offers solutions to problems 'involvjng hydrocarbon contamination

of groundwater has been prepared by the American Petroleum Institute

(1e72).

It is beyond the scope of this report to provide a detailed

discussion of all of the causes and effects of groundwater

poilution. Groundwater conditions are so variable and potential

contaminants are So numerous that most cases are unique. Any

known or suspected case should be reported to the appropriate

County or State hea'lth offic'ials and/or to the State Water

Control Board.
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CHAPTTR V

GROUNDI,IATER D EV ELOPI4ENT

General Setting

Groundwater is widely developed in Prjnce |1|il'liam County in

domestic and pubiic water systems. Water we1ls in the County are

of three types: drilled, bored and hand-dug. Most drilled wel'ls

are now constructed by rotary drilling machines. Bored wells are

constructed by large diameter (?4 to 48 inch) boring machines or

earth augers. Hand-dug we1ls, once coilmon in the Piedmont and

Coastal Plain (Cady, .|938)' are now rarely used for potable water

suppl i es .

Drilled wells are usual'ly 4 to 18 inches in diameter' Steel

cas.ing .is installed from the surface through the weathered zone and

seated into the bedrock. l|lells in the coastal Plain are cased to

the bottom of the hole to keep the sediments from caving in. l'dater

enters such a well through perforat'ions or screens placed strate-

gica'lly in the casing at water-bearing zones, which are usual'ly

sand layers. The area around the screen is often packed with fine

gravel to prevent s'ilt and sand grains from c'logging the screen'

The zone above the screen between the outside of the casing and the

well bore (annular space) is grouted with cement from some prede-

termined depth to the surface. Cement grout prevents surface con-

tainants from seeping down the well bore.

Bored wel'ls are common in the Piedmont and Coastal Plain' In

the Piedmont, they are terminated in the weathered zone since
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boring machines cannot penetrate hard rock. Bored wells are lined

with concrete pipe instead of steel casing. Water enters a bored

well at the bottom which is open. Bored wells are not usualiy

grouted except at the surface and, therefore, are more susceptible

to contamination than properly constructed drilled wells. Bored

and hand-dug wells are also more vulnerable in times of prolonged

drought, since their depths are limited.

Publ ic Suppl ies

The construction of pub'lic water-supply wells is regulated by

the Virginia Department of Health (.|974). A well is designated a

public supply if it serves '15 connectjons or 25 people. Pub'lic

water-wells are required to be cased and grouted to a depth of at

least 50 feet (sometimes greater depths are required) and to pro-

vide a supply of at least 0.5 gailons per minute per connection.

Public water-supply wells are relatively numerous in Prince

t'lilliam county. The highest concentration is in the Manassas area

where the wel'ls produce from the artesian aqu'ifers of the Triassic

sedimentary rocks. The town of Manassas has I 3 wel I s on a stand-by

basis to augment its surface water supply from the Broad Run Reser-

voir during emergencies. The Greater Manassas Sanitary D'istrict,

which serves a residential area north of the town of Manassas, has

nine wells and, as of this writing, is preparing to drill the tenth.

The nine wells range in depth from 300 to 900 feet and produce a

total of I.5 mil1ion ga1lons per day (nrgd). The Yorkshire Sanitary

District has three wells ranging in depth from 343 to 790 feet.
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These wells procude a total of 0.3 mgd. The town of Manassas Park

obtains 0.5 rngd from four wells that are 807 to .1000 feet deep.

Outside the Manassas area, several housing developments,

schools, and two State Prison camps depend on pubiic water-supply

wells. A1so, the federa'l1y-owned Prince l^lilliam Forest Park has

several wells to serve picnic and campground fac'ilities. Industri-

al development of groundwater in the County is not high.

Domestic Suppl ies

Domestic water supplies in rural areas of the County depend

almost exclusively on groundwater- Domestic wells may be either

drilled, bored or hand-dug. Bored wells are common in the Piedmont

and Coastal Plain while most of the wells in the Triassic region

are drilled. Springs are rarely utilized for domestic water

supp'lies'in Prince I'lilliam County. Prospective groundwater users

shou'ld consult with a hydrogeologist and/or a water well contractor

for constructing a water well, and with the Department of Health

as to the potability of the water.

Key l^later l^Iel 'ls

Appendix B lists many of the s'ign'ificant water wells in Prince

llil'liam County with some of their construction characteristics,

their yields, and the aquifers from which they produce. Most of

the public water-supply wells are listed in addition to many do-

mestic, institutional, and jndustrial wells. The last column in

Appendix B 'indicates the usage (public, domestic, government' in-

dustrial, etc.) of the well. Also, most wells from which water
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qual i ty sampl es were taken are i ncl uded and the Bureau of Water

Control Management well numbers correspond to the same numbers in

the chemical analysis data in Appendix A.

The locations of key water wells throughout the County are

illustrated in Pjate 7. Almost half of the wells in Appendix B are

Shown on the map and near'ly all of the wells in Appendix A are

shown. The well numbers on the map apply to both appendices.

|{ells number 2?, 23, 24 and 25 are water-level observat'ion

wells maintained by the U.S. Geological Survey. Records from these

are available in "Water Resources Data for Virginia" which is pub-

lished annualiy by that agency. Hell number 29 is a water-level

observation well maintained by the State Water Control Board, from

which its data may be obtained. llJells 22,23, and 29 record water-

'level data from Coastal Plain aquifers near the Potomac R'iver.

lr{ells 24 and 25 record data for Triassic shale and sandstone

aquifers in the western portion of the County.

The Groundwater Act of I 973

The General Assembly of Virg'inia passed the Groundwater Act of

1973 (Chapter 3.4, Title 62.1, Code of Virginia,1950, as amended)

"...in order to conserve, protect and beneficially utilize the

groundwater of this State and to ensure the preservation of the

pub'lic welfare, safety and health ..." Concern for adequate ground-

water supplies 'in the future and protection of groundwater quality

prompted this Iegisiation.

The Gr.oundwater Act provides for the declaration of a Critical
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Groundwater Area (CGA) in a geograph'ica11y-defined region which ex-

periences or can be expected to experience problems w'ith interfer-

ence of wells, water level declines, overdraft of groundwater, or

qual ity of groundwater.

Requests for a declaration of a CGA can be made by local

government, the State Water Control Board, or the public at large.

In either case, a detailed study of the proposed CGA would be made

and pub'lic hearings wou'ld be convened to determ'ine the necess'ity

and desirability of designating an area a CGA. As of this writing,

no area in Prince l,li'lliarn County has been declared a CGA.

Industrial and commercial groundwater users in a CGA who with-

draw more than 50,000 gpd are required to file a Reg'istration State-

ment (Form G|ll-4) with the State Water Control Board. Prior to the

construction of a new well in a CGA, the owneris required to sub-

mit an application and Permit to Construct a Water llell and to Use

Groundwater (Form GW-3).

In al'l groundwater areas, users are required to submit a Water

t'{ell Completion Report (Form Gt^l-2) for new wells. A11 public and

industrial users are required to subm'it a Groundwater Pumpage and

Use Report (Form Gt,J-6) to the Board quarterly. When an industrial

or public well is to be abandoned, the owner must. submit an Appli-

cation and Report - Abandonment of Water t^lell (Form Glr{-s).

Further explanations are included in the Gq1{e for Wgler l,lel !

Contractors and Groundwater Users and in the Rules of the Board and

Standards for Water t^lells, both publications by the Virginia State
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l.later Control Board ( I 974 ) .

Groundwater Avai labi I itY

The availability of groundwater in areas of the county is

illustrated in Plate 8. Th'is map is based on the occurrence of the

geologic formations and the'ir general water-bearing propert'ies.

Also, local areas which are known to be particularly favorable or

unfavorable to groundwater development are des'ignated'

It must be reaiized that the map in Plate 8 is of a general

nature and al1 special areas that are either anomalously high or

low in productiv'ity are not and cannot be shown. This is especially

true of the Piedmont, wh'ich is a very complex and insufficiently

known area. I,Je1l yields in the Piedmont may range from zero to

near'ly i00 gpm and 'itis not poss'ible to accurate'ly predict where

the areas of I ow yi el d and hi gh yi el d wi I I be.

Piedmont. Groundwatelis readily available in most of the

Piedmont region of Prince ilJ'illjam County. However, there are limits

to the amount that can be produced within a given area. Also, as

pointed out in Chapter III, there are local areas where well yields

are very 1ow.

Sma'll to moderate sized housing deveiopments or fight indus-

tries can depend on groundwater supplies in most areas of the

Piedmont. Most deveiopments .require more than one well for adequate

supplies and it'is not uncommon for one or more wells jn a well

field to be failures.

Drilling deeper than 350 feet is rarely feasible in the Pied-

mont rocks unless deeper water-y'ielding zones are known to exist
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in a specific area. If sufficient supplies have not been obtained

by that depth, it is usually better to pick a new site rather than

dril I deeper.

Topographic considerations are very important in picking well

s'ites 'in the Pjedmont. Wells situated in valleys, draws, ravines,

or lower slopes are likely to have higher yjelds than wells situ-

ated on hi1ltops, ridges, or upper slopes. Piedmont wel'ls may be

expected to yield an average of l0 to 15 gpm. Individual wells may

of course deviate w'ide1y from the average.

Bu1 I Run Mounta'in. The avai I ab'i I i ty of groundwater on Bul I

Run Mountain'is very 1ow. l.lell yields are not likeiy to be more

than a few ga'l1ons per minute, and dry holes would not be unlikely.

l,lells for anything other than domestic use should not be cons'idered.

Triassic. The Triassic sedimentary rocks (Newark Group) con-

tain greater amounts of groundwater than any other rock unit in

Prince |{il I iam County. l^Jell yields are usua'lly suffic'iently h'igh

so that groundwater resources may be utilized for domestic, agri-

cultural, industrial, public, or municipa'l purposes.

However, the water qua'lity may not be suitab'le for some indus-

trial purposes. For example, the hardness would be too high to use

the water jn steam boilers, etc. The water"is potable but may be

objectionable for use in some food processing industries due to the

hi gh amount of di ssol ved m'ineral matter.

To develop high-yie1d wells'in the Triass'ic region' sites

should be picked as far from diabase outcrops as possible; at least
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.l000 feet and preferably further. The County soils maps, mentioned

in Chapter II, can be used to determ'ine diabase occurrence. Sites

in shale or sandstone soil groups are more desirable than those in

baked shale or conglomerate soil groups. S'ites in low topograph'ic

settings, such as val1eys, draws, or lower slopes, are l'ikely to

have higher yields than sites on hi'lltops, ridges, or upper slopes,

although topograph'ic considerations are not as critical as in the

Piedmont. !'lell depths should be 600 to .|000 feet. Such wells may

be expected to yield an average of 274 gpm 0r possibly better. If
diabase is encountered at some depth beneath sandstone or shale,

which is possible in areas near diabase outcrops, driiling should

be terminated at that depth.

Domestic wells in the Triassic sedimentary rocks need only be

.|00 to .|50 feet deep usually, and about six inches in diameter and

may be expected to yield l0 to 15 gpm.

Two areas have been identified by this study for potential

development of well fields w'ithin the Triassic sedimentary rocks

(Piate 8). The econom'ic, iegal , and poi'itical constraints of devel-

oping such as a well field cannot be evaluated in this report and,

therefore, are not considered. It is obvious that problems of this

nature would have to be dealt with and resolved before any large-

scale groundwater development could occur.

Area I in Plate 8 occupies approx'imately 27 square miles. Area

I is along the same geologic trend as the Manassas area and the

rocks should have similar hydrologic properties. If so, an average
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yield of 274 gpm can be assumed for wells drilled to. a

mile apart,27

total of .l0.6
to .|000 feet. If wells were spaced one

be drjlled in Area I and could produce a

pumped on a 24 hour bas'is.

A natural recharge rate of 0.39 mgd per square mile would be

required to sustain the production. This would require that 8.2

'inches or 20.5 per cent of the annual average of 40 inches of pre-

cipitat'ion result in groundwater recharge. A water budget for the

area would have to be computed to determine 'if 8.2 inches of the

annual average of 40 inches of precipitation can be expected to re-

charge the groundv,rater. Guidelines for preparing a water budget

are given by Carter (undated).

Similar estimates could be made for groundwater potential in

Area II, but no deep wells are knourn to exist there. The rocks in

Area II may be somewhat different than in Area I or the Manassas

area. Area II occupies a more central to westerly portion of the

Triassic Basin and probably contains more strata of conglomerate'

which might make it less product'ive. It is not known what the

average yieid of wells in Area II m'ight be.

The d'iabase 'in the Triassic region has very 'little available

groundwater. suffic'ient supplies for domestic purposes are ususally

obtainab'le but dry holes are by no means uncommon. High y'ield wells

cannot be expected and should not be attempted. Deep drilf ing is

futile.in the d'iabase and wells should terminate at 350 feet- ltle'|l

sites should be picked at topographically low areas as expia'ined in

the previous sections. Many we]1s attempted on hiiltops and ridges

depth of 600

wells could

mgd, if
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in diabase are completely dry.

Coastal Plain. Groundwater availability in the Coastal Plain

sediments is'generally good, although the limited areal extent and

relative thinness of the sediments in Prince |^lilliam County restrict

the amount that can be developed.

Sufficient yields for domestic or light industrial use (up to

50,000 gpd) should be no prob'lem anywhere 'in the Coastal Plain.

l.lell yields averaging 250,000 gpd can be expected'in the south-

eastern portion of the Coastal Plain. This would be the area shown

on Plate 5 between the -200 foot contour line and the Potomac River.

The highest water-y'ielding zones can be expected between 200 and

350 feet below sea level. The exact depth can be calculated by

adding the above figures to the elevation of the we'll site which

can be taken from the appropriate U.S. Geological Survey topographic

map.

Construction of driiled wells 'in the Coastal Plain should be

based on the fol lowing gu'idel ines. The we1ls should be cased to

total depth to prevent the borehole from caving in. Screens have to

be strategically placed in the casing to allow water to enter the

well at the appropriate water-bearing zone. These zones should be

gravel-packed around the screen to improve the yie'ld and to prevent

fine sand grains from clogging the screen. The annular space

between the casing and the boreho'le should be grouted with cement to

prevent surface contaminants from seeping down the we'll. The casing

should extend at least a foot above ground level to prevent surface
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water from flooding the well

directed away from the well.

af fected by the toPograPh'ic

Plain.

vent, and surface drainage

l,lel I yi el ds are genera 1 1Y

sett'i ng of the wel I s i te i n

should be

not

the Coastal
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

It is anticipated that this report, wh'ile of a general nature,

may be used in groundwater resource p]anning and development for
public water-systems, and in provid'ing gu.idelines for well-site

selection fon private water-systems. It should be emphasized that

long-range planning efforts which depend on development of ground-

water resources to supplement present water supplies should be

accompanied by a study of the groundwater conditions of the specific

area to be developed. The cost of dri]'ling test wells in a promis'ing

area can be more than offset by the knowledge gained of groundwater

availability, because it is much cheaper to develop groundwater than

surface water.

In surnrnation,'it can be stated that by far the most promising

areas for successful development of groundwater are in the Triassic

sedimentary rocks. The coastal Pla'in sediments are reliable for

providing good well y'ields, as long as the wells are located a

sufficient distance east of the Fall Line so that a substantial

thickness (over 200 feet) of sediments is present. The granite

and schist aquifers of the Piedmont are generally reliable sources of

groundwater, but their limitations for individual well yeilds must

be realized. Also, the importance of locating wells at 1ow topo-

graphic posit'ions when possible in the Piedmont, should again be

emphasized. well drilling in the Triass'ic diabase and on Bu'il

Run Mountain should be avoided if at al1 possible. If a well

must be drilled in the diabase, it should be located at the lowest
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topographic sjte available without placing the weli in ieopardy

of being flooded.

The relatively poor quality of the groundwater from the

Triassic sedimentary rocks may limit industrial usage. However'

the poor quality is mostly due to hardness, high dissolved mineral

content, and high sulfate, and does not necessarily affect potability.

Also, iron appears to be less of a problem than in the other aquifers

of the County.

Protection of groundwater from contaminat'ion is of utmost

importance. The clensing of a polluted aquifer by natural f'lushing

may take decades or centuries after the source of pollution is

abated. The Triassic area is especial'ly vu'lnerable to nitrate

contamination from septic tanks. The practice of expanding septic

tank usage in this area should receive close scrutiny.

Two areas have been ident'ified within the Triassic sed'imentary

rocks for potential development of well fields. The larger area

poss'ibly could yie'ld 10.6 mgd without depleting the aquifer.
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APPENDIX A

SUMMARY OF GROUNDWATER QUALITY ANALYSES FOR PRiNCE t'lILLIAM COUNTY

The computer printout on the following pages lists basic

groundwater quality data available for rnany of the wells listed

in the water well data summary (Appendix B). There are some quality

analyses l'isted for well's not included in Appendix B; however,

well data is available for these wells and may be obtained by

contact'ing the State Water Control Board's Northern Regional 0ffice

in Alexandria or the Headquarters 0ffice in R'ichmond.
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APPENDIX B

SUMMRY OF WATER }.IELL DATA FOR PRINCE I.IILLIAM COUNTY

The computer printout on the following pages lists basic

well data for wells in Prince l.li'lliam County. This printout is

updated frequent'ly to include information from new Water l,lell

Completion Reports which are constantly being submitted by water

welI driIIers. The information under the heading "Aquifer" may

be cross-referenced with Table 2, Chapter III.
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ALLUV IUM:

ANTi CL I NE:

AQU I CLUDE :

AQU I FER:

BEDDING PLANE:

BEDROC K:

CATCHMENT:

GLOSSARY OF TERMS

A general tenm for sediments deposited during

recent geologic time by a stream or river.

An arch or fold in rock strate that is convex

upward.

A geologic formation wh'ich is not permeable

enough to furnish an appreciable supply of

water to a well or spring.

A geologic formation, group of formations, or

part of a formation capable of supplying water

to wells and springs in usab'le quantities. An

aquifer is unconfined (water table) if the

surface of the water table is at atmospheric

pressure or confined (artesian) if the upper

surface of the groundwaten is under pressure "in

excess of atmospheric pressure due to the

presence of an overlying, confining formation

(aqu'iclude).

A plane surface separating layers in stratified

rocks.

A solid rock exposed at the surface or overjain

by unconsol 'idated material s .

The area comprising the actual water intake area

for aquifer recharge and a'|1 areas that contribute

surface waten to the intake area.



CLASTIC:

COLLUVIUM:

DIP:

DRAI,IDOI,IN:

EVAPOTRANSP IRATION:

FAULT:

FLOOD PLAIN:

Consisting of fragments of rocks or of

organic structures that have been transported

mechanically to a place of deposition.

Sandstone and shale are the most conrnon

cl asti cs .

Loose soil material or rock fragments deposited

by the action of gravity, usually at the base

of a slope or cliff.
The angle at which a rock bed is inclined from

the horizontal.

The measured difference between static level

and pumping level in a well; i.e. the drop

in the water level due to pumping.

The two processes, evaporation and trans-

piration, by which water returns to the

atmosphere; transpiration is the discharge

of water vapilr by plants.

A fracture or fracture zone along which

there has been movement of two rock masses

relative to one another para11el to the

fracture. The movement may be a few inches

or many m'iles, horizontal or vertical .

The strip of relative'ly smooth 'land adjacent to

a ri ver channei and bui 'l t of al I uvi um carri ed

by the river during f'loods. The flood plain

is covered by water when the river is in flood.



FOLD:

FORMATION:

FRACTURE:

GPD:

GPM:

GROUNDWATER:

HYDROLOGY:

IGNEOUS:

INTRUSIVE:

JOINT:

LITHOLOGY:

METAMORPHIC:

MGD:

PERCOLATION:

A curve or bend 'in rock strata,

An assemblage of rock masses grouped together

into a unit that is convenient for description

or mapping.

Breaks in rocks due to intense folding or faulting.

Gallons per day.

Gallons per minute.

l,later occurring in the zone of saturation

beneath the land surface,

The science that relates to the water of the

earth.

Rocks or minerals that solid'ified from molten

rock (magma).

Refers to igneous rocks which have penetrated into

or between older rocks wh'ile molten but have

solidified before reaching the surface.

A fracture in rock along which no appreciabie

movement has" occurred.

The composition and structure of rock.

Refers to any rocks derived from pre-existing

rocks 'in response to pronounced changes of temp-

erature, pressure and chemical environment.

Million gallons per day.

Movement of water through the interst'ices of

rocks or soils except movement through large

openi ngs such as sol ution channel s .
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PERMEABILITY:

POROS ITY :

POTENTIOMETRIC
SURFACE:

PUBLIC SUPPLY:

PUMPING LEVEL:

RECHARGE:

RUNOFF:

SEDiMENT:

A measure of ability of a rock, sediment or

soil to transmit water.

The property of a rock, so'i1, or other material

of containing spaces or voids; the ratio of the

void space to the total volume in a given

sample of rock or soil, expressed as a percentage.

The Jevel to which water wi'll rise in a cased

well; describes the water table surface or the

artesian surface depend'ing on the confining

conditions of the aquifer.

As defined by the Virginia Department of Health,

a water system serving 25 individuals or more

than l5 residential connections.

Depth to water in a well when the well is

being pumped.

The addition of water to an aquifer by natural

infiltration or artificial means.

That part of precipitation that appears in

streams; includes surface runoff and groundwater

flow that reaches streams. Groundwater runoff

is a measure of the change in groundwater

storage and indicates rate of groundwater

recharge.

Materia'l borne and deposited by water, wind, or

g'laci ers .

Refers to rocks formed from the consol idation

of sediments.

SEDIMENTARY:



STATIC LEVEL:

SYNCLINE:

TERRACE:

UNCONSOL I DATED :

I^IATER TABLE:

Depth to water in a well when the well is not

being pumped.

A fold 'in rock strata that is convex downward.

A leve'l or gently inclined surface bordering

a stream which represents a former level of

the stream. Terraces are composed of alluvium

produced by renewed downcutting of the flood

plain or valley floor by the stream.

A sediment that is joosely amanged or whose

particles are not cemented together.

The upper surface of the zone of rock or soi I

saturated with ground water.
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